Study Design: Expert consensus.
pure posterior instrumentation is needed. Usually, lateral mass screws suffice. A navigation system is advised for pedicle screws from C3 to C6. Conclusions: These recommendations provide a framework for the treatment of subaxial cervical spine Injuries. They give advice about diagnostic measures and the therapeutic strategy.
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Methods
The following recommendations for the treatment of injuries to the subaxial cervical spine rely on the experiences of the spinal surgeons of the spine section of the German Society for Orthopaedics and Trauma (DGOU) taking into consideration the current literature.
These recommendations refer to the diagnostics and treatment of acute traumatic injuries, for example, fractures or discoligamentous instabilities of otherwise healthy, skeletally mature patients with normal bone quality in the subaxial cervical spine, which means from the third to the seventh cervical vertebra.
In case of a patient with multiple injuries, the interdisciplinary S3-guideline "polytrauma" is valid. It contains recommendations for a comprehensive treatment strategy of all concomitant injuries, including spinal injuries. 1 Nevertheless, the present treatment recommendations will add useful additional information for the treatment of subaxial spinal injuries also in the polytraumatized patient.
These therapeutic recommendations are the result of a consensus process of voluntary members of the spine section of the DGOU, which have congregated and formed the working group "subaxial cervical spine injury." The project was initiated in December 2015. The members were recruited from all over Germany and from hospitals of all levels of care.
In total, there were 4 one-day meetings of around 15 to 20 surgeons discussing and developing this article. Between these 4 meetings, the consented topics were written down and sent to each member of the spine section of the DGOU for further commentary and review.
Basic Principles
Therapeutic goals are a permanently stable, pain-free cervical spine, the avoidance of secondary neurologic damage, and/or the improvement of already existing neurologic deficits. All therapeutic measures should consider the best possible preservation of motion and restoration of the spinal profile.
This results in the major goals of diagnostics:
Precise morphologic detection and quantification of instability as a possible source of secondary pain syndromes, deformity, or neurologic damage Detection of neurologic deficits and a correlation with structural injuries detected on imaging modalities
These considerations are a prerequisite and basis for all further interventions, either conservative or operative.
Nondislocated bony lesions without any instability or neurologic damage may be treated conservatively in the majority of cases. However, they have to be followed up clinically and radiologically.
The presence of an injury-related neurocompression does imply a segmental instability, so a decompression surgery should always be combined with some form of stabilizing procedure.
Classification
Because of the proven reliability and the combination of morphologic and clinical parameters, use of the AOSpine classification for subaxial cervical spine injuries is recommended (figure 1). 2 According to this classification, the main injury type is classified either as a compression injury (type A), disruption of either the anterior or the posterior tension band (type B) or disruption of both the anterior and the posterior tension band with translatory instability (type C).
Further relevant parameters are the type of facet joint injury (coded by the letter F), a concomitant neurologic injury (N) as well as general comorbidities (M), which have significant impact on therapeutic decisions.
Type A Injuries
Type A injuries are subdivided into 5 subtypes: A0: isolated spinous or transverse process fracture without any effect on stability or a bone bruise in the magnetic resonance image (MRI) without any deformation of the vertebral body A1: single endplate impression without posterior wall involvement A2: fracture running through both endplates without posterior wall involvement (coronary split fracture) A3: posterior wall involvement, one endplate remains intact (superior or inferior burst fracture) A4: posterior wall involvement, both endplates are affected (complete burst or burst-split fracture)
Type B Injuries
Type B injuries are further divided into 3 subtypes: B1: pure osseous injury of the posterior tension band ("chance-fracture") B2: osteoligamentous or ligamentous disruption of the posterior tension band B3: disruption of the anterior tension band (hyperextension injury)
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Type C Injuries
Type c injuries are not further divided into subtypes. 
Neurologic Status

Facet Joint Injuries
Facet joint injuries are divided into 4 subgroups: 
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F1: nondisplaced fractures which do not affect more than 1 cm or more than 40% of the facet joint dimension F2: displaced fractures or fractures affecting more than 1 cm or more than 40% of facet joint dimension F3: fracture of the pedicle and the lamina of the same vertebral body, which separates the lateral mass from the rest of the vertebra ("floating lateral mass") F4: subluxation of more than 50% or perched luxation. These injuries are definitely a sign of severe disruption of the posterior tension band and therefore an indicator for at least a B-type or even C-type injury.
In case of a bilateral injury of the identical severity, the letters "BL" will be added after the code.
Some specific comorbidities have severe influence on the therapeutic regime and will be coded as so called "modifiers" with the letter "M":
M1: this is a posterior capsuloligamentous injury without complete disruption, mainly seen on the MRI. It usually shows focal midline tenderness. M2: this is a critical disc herniation behind the posterior wall of the affected vertebral bodies. M3: stiffening/metabolic disease (eg, ankylosing spondylitis or diffuse idiopathic skeletal hyperostosis [DISH]) M4: injury of the vertebral artery Further information to the utilized classification system may be obtained from the original publications. 2 
Diagnostics
Patient History and Physical Examination
At the beginning of the diagnostic process, patient history, including trauma mechanism and physical examination, has to be obtained.
It is recommended to use a structured protocol, which is validated and should be based on anamnestic and clinical data. Because of its proven high sensitivity, the application of the Canadian C-Spine Rule (CCR) is recommended. [3] [4] [5] According to the results of this algorithm, a significant injury can be excluded with high probability-or the decision for further imaging studies can be made.
When taking history, the mechanism and exact time of injury should be obtained. It is crucial to differentiate acute neck pain, radicular pain, and any signs of neurologic impairment (paresthesia, hypoesthesia).
There are several trauma mechanisms, which bear a high probability for significant injury and are therefore assigned as "dangerous mechanisms":
Fall >1 m Axial loading on the cervical spine Motor vehicle accidents with >100 km/h speed roll over passenger ejection bicycle or quad accident collision with bus or truck After having excluded any of these criteria, a physical examination of the conscious and cooperative patient should be performed. This should definitely include testing for midline tenderness and ability to rotate the head 45
to the left and to the right. The movement should be executed actively by the patients.
A neurologic examination for motor and sensory disturbances is mandatory. Any motor impairment should be quantified according to ASIA/ISCSCI. It is recommended to use the ASIA/ISCoS scoresheet for documentation of the neurologic status, which is freely available at http://www.asia-spinalin jury.org/elearning/ASIA_ISCOS_high.pdf.
The first examination should be performed before induction of any sedation. Any pathologic finding during this examination process will immediately lead to a stop in the examination and indicates further imaging.
Imaging
Computed Tomography. A multislice spiral CT is the imaging modality of first choice in any unconscious patient with suspected cervical spine trauma dangerous trauma mechanism according to Canadian CSpine Rule neurologic impairment.
The authors recommend 1 mm or less slice thickness and 2-dimensional (2D) reconstructions in the 3 standard planes (sagittal, transverse, coronary) as minimum requirements, a 3D surface reconstruction might be helpful in specific situation (eg, in a facet joint fracture). Conventional x-ray is possible in selected cases to reduce radiation dosage, especially when imaging is indicated according to Canadian C-Spine rule, but a dangerous trauma mechanism or a neurologic impairment can be excluded.
In all doubtful cases, especially when the cervicothoracic junction is not displayed in an appropriate manner, CT or MRI should be used for further evaluation.
It is important to recognize that a negative finding on conventional x-ray cannot exclude any significant injury with an appropriate level of certainty. 6, 7 Angiography. In lower grade facet joint fracture (F1, F2) or when a fracture line radiates into the facet joint, a CT angiogram should be considered. In higher grade facet joint injury (F3, F4), any B-type or C-type injury and in the presence of vertebrobasilar symptoms, a CT-or MR-angiogram is recommended. 8 Magnetic Resonance Imaging. In any case of a neurologic impairment, which cannot fully be explained by the results of the CT scan, an MRI is to be obtained as soon as possible.
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Any facet joint injuries (F1-F3) should lead to an MRI for recognition of a discoligamentous injury, if there is still doubt about the necessity or extent of any surgical stabilization. Any other suspicion for a disco-ligamentous injury also indicates an MRI.
Persistent neck pain without any good explanation in the other imaging modalities shall lead to an MRI during follow-up. An MRI is recommended in case of planning an isolated posterior approach in a perched facet joint luxation to recognize any dislocated disc material behind the vertebral body, which might cause cord compression after closed or open posterior reduction.
Dynamic X-Ray. In the neurologically intact patient, who shows suspicious findings for segmental instability in CT or MRI, a dynamic fluoroscopy in flexion and extension might add diagnostic value. This examination should be performed by an experienced physician only.
A static flexion/extension radiograph without passive guidance by a physician is definitely not recommended due to proven lack of therapeutic consequences. 9 Radiographic Parameters. We recommend the following measurements to be obtained in the imaging studies.
If there is a monosegmental pathology (ie, A3-fracture, B2-fracture with A3 component, facet joint injury), the monosegmental endplate angle (mEA, Figure 2) is measured between the upper endplate of the superior vertebra and the inferior endplate of the inferior vertebra of the affected segment.
In case of a bisegmental pathology (ie, A4-fracture, F3-floating lateral mass), the bisegmental endplate angle (bEA, Figure 3 ) is to be obtained, which is measured between the upper endplate of the vertebra the upper affected segment and the inferior endplate of the inferior affected segment.
DEA (Delta-EA) is the difference between the measured angle and the normal value in this specific segment (see Table 1 ). Translation is to be measured as the distance between the posterior wall tangent of the upper and lower vertebral body at the level of the upper endplate of the lower vertebral body.
Instability Criteria
According to the imaging findings, we define the following criteria as signs for instability (modified according to Vaccaro et al, 2 White and Panjabi, 10 and Spector et al 11 ) subluxation of a facet joint (less than 50% overlap) fracture of a facet joint (more than 10 mm or 40% of the facet joint surface) sagittal translation (more than 3.5 mm) more than 15 D-EA
Therapy
Therapeutic Strategies
Possible therapeutic options include early functional conservative management with external immobilization using cervical In general, the therapeutic strategy, which should be closely reevaluated over the course of treatment, depends on 2 main criteria: first on the injury morphology and second on individual patient criteria as age, general health, bone quality, and biomechanically important bony changes (DISH, ankylosing spondylitis).
The assessment and classification of the injury according to the AOSpine classification for subaxial injuries facilitates therapeutic decision making. Furthermore, the risk of progressive kyphotic angulation and consequent deterioration of the sagittal profile should be taken into account.
The urgency for surgical management mainly depends on existent or imminent neurological deficits and on the degree of instability.
A0-Fractures
A0-Fractures are stable and are treated with early functional conservative therapy with adequate pain medication. A soft cervical collar may be used for pain relief for a short period (maximum 6 weeks).
A1-Fractures
A1-fractures are stable and are in most cases managed with early functional conservative therapy, as described for A0-fractures, with excellent results. In rare cases, a significant kyphotic deformity is present or may develop in the course; thus the monosegmental kyphotic angulation should be measured initially, during the course and after 6 weeks. An increase in kyphotic angulation >15
(D-mEA) may be an indication for anterior monosegmental (rarely bisegmental) fusion in view of preservation of the sagittal cervical profile.
A2-Fractures
A2-fractures are stable and are usually managed with early functional conservative therapy similarly to A1-fractures. Also, in A2-fractures, an increase in kyphotic angulation >15
(DbEA) may be an indication for anterior fusion in view of preservation of the sagittal cervical profile; however, in contrast to A1-fractures always a bisegmental fusion should be performed.
A3-Fractures
A3-fractures include the risk of posterior wall dislocation and of concomitant neurological impairment. Furthermore, the risk of secondary kyphotic angulation is considerably higher as compared with A1-and A2-fractures. Therefore, anterior fusion is recommended either in a mono-or bisegmental manner, depending on the degree of vertebral destruction.
Oligosymptomatic patients with a D-mEA of less than 15
and no relevant narrowing of the spinal canal with preservation of the liquor spare space may be treated conservatively with a rigid cervical collar for 6 weeks. In these cases, the bisegmental kyphotic angulation should be measured initially, during the course of treatment and after 6 weeks closely.
A4-Fractures
A4-fractures show a high degree of vertebral destruction with involvement of both endplates and both adjacent discs and should be recognized as unstable injuries. The risk of posterior wall dislocation and of concomitant neurological impairment as well as the risk of secondary kyphotic angulation is higher as compared with A3-fractures. Therefore, bisegmental anterior fusion is recommended.
B1-Injuries
B1-injuries are unstable and posterior bisegmental instrumentation in terms of a tension-band fixation is recommended. Fusion may not be performed in order to allow remobilization of the 2 motion segments after implant removal following bony healing. Despite their instability, these injuries exhibit a tendency of good bony healing and may be suitable for conservative treatment in a hyperextended cervical orthesis in individual cases. This, however, requires immediate radiological control following reduction in the hyperextended cervical orthesis and shortterm follow-up in the course.
B2-Injuries
B2-injuries are unstable and surgical stabilization is recommended. The surgical approach (anterior, posterior, or combined) as well as the decision for fusion length (mono-or bisegmental) mainly depends on the A-component (degree of vertebral body destruction) of this injury.
B3-Injuries
B3-injuries are unstable and anterior monosegmental fusion is recommended. In case of ankylosing spondylitis (M3) different principles should be applied (see below).
C-Injuries
C-injuries are highly unstable and urgent surgical stabilization is recommended. Because of the high variability of C-injuries an individual therapeutic strategy is indicated. However, the surgical approach (anterior, posterior combined) as well as the decision for fusion length (mono-, bi-, or multisegmental) is highly influenced by the A-component (degree of vertebral body destruction) of this injury.
Facet Joint Injuries
F1-Injuries (Stable Facet Fractures). F1-injuries are stable and are treated with early functional conservative therapy with adequate pain medication. A cervical collar may be used for pain relief for a short period (maximum 6 weeks). Radiological
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follow-up in the course and after 6 weeks is recommended to recognize secondary dislocation.
F2-Injuries (Unstable Facet Fractures)
. F2-injuries are usually components of unstable B-or C-injuries, which dictate the surgical strategy. Possible nerve root compression by the facet fragment may therefore require an additional posterior approach in case of an anterior stabilization. ) . F3-injuries are components of unstable B-or C-injuries, which dictate the surgical strategy. Possible nerve root compression by the facet fragment may therefore require an additional posterior approach in case of anterior stabilization. Because the underlying instability usually involves the cranial and caudal adjacent segments, these should be included in the stabilization.
F3-Injuries (Floating Lateral Mass
F4-Injuries (Subluxation or Perched/Dislocated Facet). F4-injuries are components of unstable B-or C-injuries, which dictate the surgical strategy. Possible nerve root compression by the facet fragment may therefore require an additional posterior approach in case of an anterior stabilization. Unilateral or bilateral locked facets require a differentiated concept in order to ensure a safe reduction without neurological compromise.
In general, closed reduction should be performed under fluoroscopy by an experienced spine surgeon under operating room (OR) standby or directly in the OR. 12 To ease closed reduction patient relaxation is recommended. Because there is an inverse correlation between time since luxation and reduction success, closed reduction should be performed as early as safely possible.
In neurologically intact patients, it is recommended to perform closed reduction in the anesthetized patient in the OR directly prior to surgery. In case a closed reduction is not possible, immediate anterior decompression is performed, followed by an open reduction attempt with a distractor (eg, Caspar-distractor). Usually, reduction should be achieved with this algorithm in more than 95% of locked facets. 13, 14 In the rare case that an anterior open reduction may not be achieved, the reduction has to be performed by an open posterior approach following the mandatory complete anterior decompression.
In case the surgeon prefers primary open posterior reduction, a preoperative MRI is mandatory to exclude herniated disc material, which may constrain the spinal canal following reduction without anterior decompression (see section "Diagnostics").
Patients with neurological compromise should undergo reduction as soon as possible; however, benefits and risks of immediate reduction should be thoroughly assessed.
Therapeutic Principles
Conservative Therapy
Until now the level of evidence concerning conservative treatment of bony or ligamentous subaxial cervical injuries has been low. Limitation of cervical range of motion with cervical collars of different degrees of rigidity is usually one component of conservative therapy. Bony injuries with minor instability (A1-, A2-and F1-injuries; in some hands also A3-injuries) should be stabilized with a semirigid collar (eg, Philadelphia collar).
Of all conservative therapeutic options, the Halo vest offers the highest stability; however, Halo ring application is invasive and associated with a noteworthy complication rate. Therefore, the Halo vest should be used only in rare cases with high instability, in which either a definite stabilization may not be performed in a timely manner or inoperability is given.
In general, immobilization should be maintained for at least 6 weeks, but no longer than 12 weeks. Persistent symptoms should indicate reevaluation of the conservative treatment strategy. Adjunct pain medication should be administered according to the World Health Organization (WHO) pain ladder.
Conservative therapy must always involve regular clinical and radiological follow-ups for 8 to 12 weeks following trauma. Each clinical deterioration must imply a radiological assessment in order not to miss a secondary dislocation.
Stabilizing but nonmobilizing physical therapy of the cervical spine should be started as early as possible. Once healing has been radiologically confirmed, a mobilizing physical therapy should be started. Additional physical applications (eg, hot/ cold massage) are optional.
Surgical Therapy
Positioning. Since the indication for surgery is usually based on cervical instability, stable positioning allowing all possibilities of reduction should be performed (head frame, Mayfieldclamp, Halo ring). Furthermore, positioning should not interfere with intraoperative fluoroscopy.
Approach. The approach is mainly determined by the injury morphology as described above. Nonetheless, the anterolateral Smith-Robinson approach is suitable for most subaxial cervical injuries. Whether a left-or right-sided anterolateral approach is beneficial especially in terms of recurrent laryngeal nerve palsy is not final answered by literature; however, cuff pressure should be adjusted after all retractors have been placed. 15, 16 In case a posterior approach is required, the posterior midline approach is the posterior standard approach. Modified posterior approaches may become necessary for percutaneous instrumentation or minimal invasive decompression.
Instrumented Fusion. The main goals of surgically treated subaxial cervical injuries are reduction, retention, and fusion of the injured segments. To maintain the reduction until bony fusion is achieved, an instrumentation of the injured segments is mandatory.
In 17 In selected cases, pedicle screws may become advantageous due to the higher biomechanical stability. [18] [19] [20] In these cases, navigation or intraoperative 3D imaging is recommended for safe placement of pedicle screws between C3 and C6. [21] [22] [23] Decompression. Decompression is necessary in case of neurological impairment with corresponding radiological pathology. This is true for intraspinal (eg, posterior wall fragment/herniated disc/hematoma/spinal cord edema) as well as for neuroforaminal (eg, facet joint fragment) pathologies. Ideally, the decompression is performed at the site of the pathology (direct decompression); however, in some cases the surgical approach and stabilization tactic may favour an indirect decompression.
Prophylactic decompression may be an option for injuries in which surgical stabilization is necessary and neurological deterioration is feared.
Cortisone Application. High-dose cortisone application (NASCIS II) in paraplegic patients is no longer recommended independently of the treatment strategy. There is good evidence that adverse events as respiratory complications or gastrointestinal bleeding outweigh the potential benefits. Clear contraindications even exist for multiple injured patients or geriatric patients with multiple comorbidities. [24] [25] [26] Postoperative Care. Each surgical stabilization should aim at functional stability. Nonetheless, a cervical collar may be helpful to reduce postsurgical pain and to limit range of motion.
Adjunct pain medication should be administered according to the WHO pain ladder.
Surgical therapy should be accompanied by regular clinical and radiological follow-ups. Each clinical deterioration must imply a radiological assessment. Injuries with a postsurgical stable situation should receive physical therapy in the postsurgical course.
A scheduled implant removal is only indicated in individual cases as temporary inclusion of an uninjured segment or implant-associated pain. Verification of bony healing is mandatory in all cases planned for implant removal.
Modified Strategy in Ankylosing Diseases (Modifier M3). Fractures in patients with ankylosing disease (eg, ankylosing spondylitis, DISH) show a different biomechanical behaviour due to the long lever arm. These fractures are usually highly unstable with tendency of further dislocation if not stabilized. The postsurgical course may be further complicated by implant loosening and nonunion, both mainly attributable to the frequently coexisting osteoporosis in these patients.
Multilevel spinal injuries are common in patients with ankylosing spondylitis and should find consideration in the diagnostic strategy (eg, CT scan of the entire spine).
Neurological impairment and intraspinal hematoma, which may also appear later in the course, are often seen in these patients. Therefore, the indication for an MRI should be considered generously.
Surgical stabilization of fractures in patients with ankylosing disease is the therapy of choice. Although the preexisting spinal fusion results in a long lever arm with increased stress on the instrumentation, it also allows for long stabilizing constructs without impairment of the range of motion. Therefore, a posterior multilevel stabilization is recommended in these patients.
Reduction of the preinjury sagittal profile is not mandatory; instead correction of a preexisting kyphotic deformity is often possible.
Conclusion
These recommendations provide a framework for the treatment of subaxial cervical spine injuries. They represent the current opinion of leading spine surgeons of the Spine Section of the German Society for Orthopaedics and Trauma, based on many years' experience and scientific knowledge, adapted to the German health care system. They give advice about the indication of diagnostic measures on clinical and anamnestic factors.
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